High calcium intake during childhood has been suggested to increase bone mass accrual, potentially resulting in a greater peak bone mass. Whether the effects of calcium supplementation on bone mass accrual vary from one skeletal region to another, and to what extent the level of spontaneous calcium intake may affect the magnitude of the response has, however, not yet been clearly established. In a doubleblind, placebo-controlled study, 149 healthy prepubertal girls aged 7.9 Ϯ 0.1 yr (mean Ϯ SEM) were either allocated two food products containing 850 mg of calcium (Ca-suppl.) or not (placebo) on a daily basis for 1 yr. Areal bone mineral density (BMD), bone mineral content (BMC), and bone size were determined at six sites by dual-energy x-ray absorptiometry. The difference in BMD gain between calcium-supplemented (Ca-suppl.) and placebo was greater at radial (metaphysis and diaphysis) and femoral (neck, trochanter, and diaphyses) sites (7-12 mg/cm 2 per yr) than in the lumbar spine (2 mg/cm 2 per yr). The difference in BMD gains between Ca-suppl. and placebo was greatest in girls with a spontaneous calcium intake below the median of 880 mg/d. The increase in mean BMD of the 6 sites in the low-calcium consumers was accompanied by increased gains in mean BMC, bone size, and statural height. These results suggest a possible positive effect of calcium supplementation on skeletal growth at that age. In conclusion, calcium-enriched foods significantly increased bone mass accrual in prepubertal girls, with a preferential effect in the appendicular skeleton, and greater benefit at lower spontaneous calcium intake. ( J. Clin. Invest. 1997. 99:1287-1294.) Key words: bone growth • calcium-enriched foods • calcium intake • bone mineral density • statural height
Introduction
The bone mass accrual occurring during childhood and adolescence is a major determinant of peak bone mass, and thereby of the risk of osteoporotic fractures occurring in advanced age (1) (2) (3) . At the end of the growth period, a large variance in bone mineral density (BMD) 1 and content (BMC), in either the axial or the appendicular skeleton, is observed both in healthy females and males (4) (5) (6) (7) (8) . Many genetic and environmental factors have been suggested to influence bone mass accumulation during this period (9) (10) (11) (12) (13) (14) (15) .
It is usually accepted that increasing calcium intake during childhood and adolescence can promote a greater increase in bone mass, and thereby a higher peak bone mass (16) (17) (18) (19) (20) (21) . Analyzing the relationship between bone mass and spontaneous calcium intake, however, indicates that not all studies (22) (23) (24) (25) (26) (27) have found a positive correlation between these two variables.
Only a few prospective randomized double-blind intervention trials have examined the effects of calcium supplements in children and adolescents (12, (28) (29) (30) . Although the results of these studies suggest that calcium supplementation can positively influence bone mass gain in this population, the magnitude of the effects appears to be different in the axial and appendicular skeleton as well as at the metaphyseal or diaphyseal levels (12, (28) (29) (30) . Significantly, the mean bone mass gain in response to calcium supplements has been found to be only modest at the lumbar spine and proximal femur, two major sites of subsequent osteoporotic fracture (12, 28, 30) . The difficulty of consistently demonstrating a significant effect of calcium in the various parts of the skeleton may be related to differences in the osteodensitometric method used (for example, dual photon absorptiometry [DPA] [12, 28] versus the more precise dual-energy x-ray absorptiometry [DXA] [29] ), to differences in the stage of pubertal maturation at the time of calcium supplementation (28, 29) , or to differences in the level of spontaneous calcium intake, as observed in adult subjects (31) .
We conducted a randomized, double-blind, placebo-controlled study in a homogenous cohort of prepubertal girls to assess the effects of calcium supplementation on bone mass gain at various sites of the skeleton. In the context of a largescale program for nutritional prevention during childhood of osteoporosis, as well as to anticipate the risk of low long-term compliance to pharmaceutical calcium supplements at a population level, we administered palatable calcium-enriched foods commonly taken at breakfast or as snacks to children living in an affluent western society. tal of Geneva. Informed consent was obtained from the parents and their children. Healthy prepubertal caucasian girls with a mean age ( Ϯ SEM) of 7.93 Ϯ 0.04 yr (range: 6.6-9.4 yr) were recruited through the Public Health Youth Service of the Geneva district over an 8-mo period, from April to November, 1993. The following exclusion criteria were applied: no parental approval, ratio weight/height less than the 3rd or greater than the 97th percentile according to Geneva reference values, presence of physical signs of puberty, chronic disease, gastro-intestinal disease capable of inducing malabsorption, congenital or acquired bone disease, or regular use of medication. 149 subjects were randomized into two groups stratified according to their level of spontaneous calcium intake to avoid an uneven distribution of the low-or high-calcium consumers. A limit of 900 mg/d, as assessed by an initial food frequency questionnaire, was used to determine the cutoff point for each group. For unknown reasons, the dropout rate after 4 mo of enrollment was larger (15 vs. 4) in one of the two experimental groups. Since for technical reasons production of the specially prepared foods could not be pursued beyond a given time, 10 out of the 149 enrolled subjects were deliberately assigned for the rest of the enrollment period to the group having shown the greater dropout rate during the first phase of the study. This explains the difference in the number of subjects enrolled between the two groups of the intention-to-treat cohort (see results). At the end of the intervention period, opening of the blinded code revealed that the larger dropout rate during the first 4 mo was in the calcium-supplemented group.
Calcium supplement (Ca-suppl. These foods had previously been tested for palatability and long-term tolerance in a pilot study involving a small cohort of adolescent girls. On average, the intake of two calciumenriched products per day provided a calcium supplement of about 850 mg. The control (placebo) group was given daily two similar products in terms of energy, protein, lipid and mineral content, but without added calcium. The maximal difference between the calciumenriched and placebo foods was as follows: energy, 6 kcal; proteins, 0.2 g; lipids, 0.3 g; carbohydrates (essentially lactose), 0.9 g. Over the entire intervention period (48 wk) each subject received 12 sets of 56 food products (1 set every 4 wk). Parents were instructed to ensure consumption of the two food products every day in place of similar foods taken for breakfast or snacks. Compliance was recorded by the parents and verified through regular phone calls and interviews by a trained dietician (H. Clavien). Clinical examinations were conducted by a pediatrician (G. Theintz) at the beginning and at the end of the intervention period, with recording of anthropometric variables and assessment of pubertal status.
Calcium intake assessment. An estimate of the spontaneous calcium intake during the intervention period was obtained by averaging the results of three frequency questionnaires made at 0, 24, and 48 wk.
Measurement of bone variables. Bone mineral content (BMC, g) and areal bone mineral density (BMD, g/cm 2 ) as estimates of bone mass were determined at the beginning and the end of the study period by dual energy x-ray absorptiometry (DXA) using a Hologic QDR-2000 instrument (Waltham, MA). Six skeletal sites were assessed: distal metaphysis of the radius, diaphysis of the radius (designated respectively as the ultradistal region and as the one-third re-gion of the radial shaft according to the manufacturer's software), femoral neck, femoral trochanter, femoral diaphysis, and L2-L4 vertebrae in antero-posterior view as previously reported (8, 32) . The coefficient of variation of repeated measurements at these sites (as determined in young healthy adults) varied between 1.0 and 1.6% from BMD, and 0.3 to 3.0% for BMC and bone area. The possible influence of the calcium-enriched foods on skeletal size was assessed by analyzing the changes in scanned bone area (mm 2 ) of the six regions of interest described above. At the level of the femoral neck, the height (i.e., the dimension parallel to the hip axis) of the region of interest (ROI) rectangular box was maintained constant from one examination to the other. Only the width (i.e., the dimension perpendicular to the hip axis) was adjusted to the growth of the bone to scan a similar proportion of soft tissue on each side of the femoral neck. For the trochanter, the ROI box was maintained constant. In addition, at the level of L2-L4, the height (mm) of the region of interest was determined to be the number of lines from the lower edge of L4 to the upper edge of L2 multiplied by a conversion factor (1 line ϭ 1.003 mm). An estimate of the mean vertebral width was derived by dividing the area by the height of L2-L4. At the level of the midfemoral shaft, the external diameter of the diaphysis was estimated by an additional analysis. A region of interest was defined at baseline as having a constant length (45 lines ϫ 1.003 ϭ 45.14 mm) starting from the midfemoral shaft (halfway between the greater trochanter and the upper edge of the patella). To assess to what extent calcium-induced increase in areal BMD would be due to an effect on bone size as compared to volumetric mineral density, an estimate of this latter variable (bone mineral apparent density, BMAD) was calculated as previously described for lumbar spine, midradius, and femoral neck (33) (34) .
Follow-up after treatment discontinuation. Within the active treatment cohort, 100 girls (45 from the placebo and 55 from the calciumsupplemented group) underwent a third examination 1 yr after the end of the intervention phase. Bone and anthropometric variables were measured, and calcium intake, as assessed by a fourth frequency questionnaire, was also recorded.
Expression of the results and statistical analysis. Although the intervention lasted 48 wk, the changes in the various anthropometric and osteodensitometric variables are expressed in units/yr without correction for the difference between 1 yr and 48 wk. The differences in the anthropometric and osteodensitometric variables in the calcium-enriched and placebo groups were analyzed both in terms of active-treatment cohort, (which included the subjects who consumed the study foods during 48 wk) and an intention-to-treat cohort (accounting for all subjects who entered the study and had measurements redone at 48 wk). Bone mass gains were determined separately for each skeletal site; the average BMD changes at the six studied sites were also calculated. Results were expressed as either absolute (g/cm 2 per yr) or relative terms (%/yr). Mean change in the bone area of the six regions of interest was also computed to assess potential changes in bone size. All results are given as mean Ϯ SEM. The differences between the Ca-suppl. and placebo groups were evaluated using a two-tailed Student's t -test for unpaired values. In addition, for the subjects on whom three measurements (at 0, 48, and 96 wk) were available, an ANOVA test for repeated measures was applied to evaluate whether any calcium effect observed at the end of the intervention period would be maintained one year after treatment discontinuation. Finally, a comparative analysis of the effect of Ca-suppl. on areal (BMD) vs. volumetric bone mineral density (BMAD) in radial and femoral diaphysis was made by calculating the changes in Z score from the mean values recorded at baseline in the intention-to-treat cohort ( n ϭ 144).
Results
Cohorts studied and compliance. Of the 149 prepubertal girls initially enrolled, 144 had their BMD measured at baseline and 48 wk later (intention-to-treat cohort). Among the five subjects who declined to be examined at the end of the 1-yr interval, three belonged to the Ca-suppl. group, and two to the placebo group. At baseline no difference between the two groups was found with respect to age, statural height, body weight, or BMD at any skeletal site (Table I) . From the initial cohort, 108 girls remained compliant (active-treatment cohort) to the study food products over the whole study period. Among the 41 subjects (28%) who dropped out from the study, 40 reported lassitude with the consumption of two imposed food products per day, and one left the Geneva district. Dropout times after the onset of the intervention phase ranged from 4 to 32 wk (mean, 15.3 Ϯ 1.6 wk, n ϭ 25) and 4 to 28 wk (mean, 13.0 Ϯ 2.1 wk, n ϭ 16) in the Ca-suppl. and placebo groups, respectively. In the active-treatment cohort, 89.9 Ϯ 1.4% ( n ϭ 55) and 90.2 Ϯ 1.4% ( n ϭ 53) of the study foods were consumed throughout the intervention period in the Ca-suppl. and placebo groups, respectively, as estimated by regular interviews of the subjects' mothers. After 48 wk, none of the examined subjects displayed any sign of puberty.
Calcium intake. Spontaneous calcium intake, as determined by three frequency questionnaires at 16-wk intervals, were similar in both groups (916 Ϯ 42, and 879 Ϯ 36 mg/d in Ca-suppl. and placebo groups, respectively). Taking into account the individual compliance over the 48-wk intervention period, the mean daily amount of supplemented calcium ingested with the enriched foods was 807 Ϯ 10 mg. Thus, the calcium intake increased from 916 Ϯ 42 to 1723 Ϯ 44 mg/d in the Ca-suppl. group.
Anthropometric and bone mass changes. Table II shows the anthropometric and osteodensitometric values recorded in the active-treatment groups after a 1-y interval. At baseline, the mean values in the Ca-suppl. and the placebo groups did not differ between the two groups, and were similar to those of the intention-to-treat groups presented in Table I . The increases in statural height, body weight, and BMD at the various skeletal sites in the placebo group were within the expected range for prepubertal girls of this age, and were all statistically significant ( P Ͻ 0.001 by two-sided paired sample analysis). The corresponding BMD gains calculated in either absolute (mg/cm 2 per yr) or relative (%/yr) terms are presented in Table II and Fig. 1 , respectively. At all sites, the mean increment in bone mass was greater in the Ca-suppl. than in the placebo group. However, the difference in BMD was smaller in the lumbar spine than in the radial and femoral sites. The magnitude of the calcium effect, further estimated as the ratio of the mean bone mass gain in the Ca-suppl. group over that observed in the placebo group ( ⌬ Ca-suppl. / ⌬ placebo) (Table II) , ranged from 1.09 to 1.78 (mean of six measured skeletal sites, 1.52). Interestingly, the ⌬ Ca-suppl. / ⌬ placebo ratio for lumbar spine BMD was quite similar to that calculated for height gain. In contrast to all osteodensitometric variables and to statural height, the mean change in either body weight or BMI was not greater in the Ca-suppl. group than in the placebo group (Table II) . None of the differences between means recorded in the calcium-supplemented and the placebo groups were found to be statistically significant at P Ͻ 0.1. The mean increment in BMD for the six measured skeletal sites, as expressed in both absolute and relative terms, is illustrated in Fig. 2 . The difference between the Ca-suppl. and placebo groups was highly significant in both the active-treatment and intention-to-treat cohorts. The effect on mean BMD gain remained highly significant (P Ͻ 0.02), even after adjustment for age, height, and weight at entry (data not shown). The corresponding mean increases in both BMC and bone area were also greater in the Ca-suppl. group than in the placebo group, but did not reach statistical significance (data not shown). In the Ca-suppl. subjects belonging to the intention-to-treat cohort, the change in mean BMD of the six skeletal sites was pos-itively correlated (r ϭ 0.24, P ϭ 0.038, n ϭ 77) with the cumulative amount of calcium ingested from the enriched foods.
Effects of calcium supplements in relation to spontaneous calcium intake. To evaluate the effects of calcium-enriched foods on bone mass gain in relation to spontaneous calcium intake (as assessed by averaging the results from the food frequency questionnaires made at 0, 24, and 48 wk), the Ca-suppl. and placebo groups were divided in two subgroups according to the median of their spontaneous calcium intake (855 and 880 mg/d in the intention-to-treat and active-treatment cohorts, respectively). At baseline, there was no statistically significant difference between the Ca-suppl. and placebo groups Values are given as meanϮSEM. a The median of the spontaneous dairy calcium intake was 855 and 880 in the intention-to-treat and active-treatment cohorts, respectively. BMD, BMC, and bone area values are the means of the six skeletal sites presented in Table IV and averaged in each subject. The total calcium intake corresponds to the sum of the dairy calcium taken spontaneously and of calcium in the enriched food products. *P Յ 0.08, ‡ P Յ 0.05, § P Յ 0.02, ʈ P Յ 0.01 as compared to the corresponding placebo group.
in terms of BMD at any site (data not shown); this was observed in both the spontaneously low-and high-calcium intake groups, which had mean calcium intakes of 650Ϯ33 (n ϭ 72) and 1143Ϯ33 mg/d (n ϭ 72), respectively. Both statural height and body weight, however, were significantly greater among the spontaneously high-versus low-calcium consumers (129.1Ϯ0.7 vs. 126.5Ϯ0.7 cm, P Ͻ 0.001; 27.5Ϯ0.5 vs. 25.7Ϯ0.5 kg, P Ͻ 0.001, respectively). The mean BMD gain in response to calcium supplements, as expressed in absolute (Table III) or relative ( Fig. 3) terms, was more pronounced among the lowcalcium consumers (⌬ Ca-suppl. /⌬ placebo: 1.42-1.58 g/cm 2 , depending on the site examined). Indeed, linear regression analysis showed that the mean BMD gain at the six skeletal sites was significantly correlated to the total calcium consump-tion in the spontaneously low (r ϭ 0.32, P Ͻ 0.007), but not in the high-calcium intake subgroups of the intention-to-treat cohort (r ϭ 0.02, NS). Effect of calcium on BMC, skeletal size, and statural height. As shown in Table III , there were also significant increments in both mean BMC (⌬ Ca-suppl /⌬ placebo ratio, 1.21-1.23) and mean bone area of the six investigated skeletal sites (⌬ Casuppl. /⌬ placebo ratio, 1.15-1.16) in the subgroup of lowcalcium consumers. The change in mean bone size was accompanied by a trend toward greater statural height gain (⌬ Ca-suppl. /⌬ placebo ratio, 1.11-1.13) which nearly achieved statistical significance. Indeed, the reduced gain in bone area and statural height observed in the spontaneously low-versus high-calcium consumers appeared to be corrected by the calcium-enriched foods (Table III) .
A similar pattern was observed in the projected area of the lumbar spine, and further morphometric analysis indicated that in the spontaneously low-calcium intake subgroup, the vertebral height gain at L2-L4 was significantly greater in the Ca-suppl. than in the placebo group (Table IV) . At the level of the femoral midshaft, a significant difference in width change was also observed between the Ca-suppl. and the placebo groups in the spontaneously low-calcium intake subgroup (Table 4) .
To evaluate whether the calcium effect on bone mass was associated with a commensurate increase in volumetric mineral density, gain in Z scores from baseline values was calculated for both BMD and BMAD at the level of the radial and femoral diaphyses, two sites where the response was particularly significant. In the low-calcium consumers of the active treatment cohort presented in Table III , the difference in BMD Z score gain between the two groups was greater (Casuppl. [n ϭ 29] minus placebo [n ϭ 25] ϭ ϩ 0.28 and ϩ 0.18, P Ͻ 0.05, in radial and femoral diaphysis, respectively) than that in BMAD Z score (Ca-suppl. minus placebo ϭ ϩ0.05 and ϩ0.08, P Ͼ 0.1, in radial and femoral diaphysis, respectively).
Follow-up 1 yr after treatment termination. 100 girls (Casuppl., n ϭ 55; placebo, n ϭ 45) out of the 108 in the active treatment cohort were followed up to 1 yr after they stopped Table III . The median spontaneous calcium intake is indicated above the bars. The mean spontaneous calcium intake was 650Ϯ16 and 1143Ϯ33 mg/d in the intention-to-treat cohort, and 675Ϯ17 and 1185Ϯ39 mg/d in the active-treatment cohort. ***P Յ 0.01 as compared to the corresponding placebo group. the consumption of the study foods. Most of the absolute differences in mean bone mass and size gains recorded at the end of the intervention period was still detectable 1 yr after termination of the dietary intervention (mean BMD, 58Ϯ3 vs. 53Ϯ3 mg/cm 2 , P Ͻ 0.05; mean BMC, 1265Ϯ66 vs. 1136Ϯ56 mg, P ϭ 0.101; mean bone area, 143Ϯ6 vs. 131Ϯ5 mm 2 , P Ͻ 0.08; statural height, 11.9Ϯ0.3 vs. 11.2Ϯ0.3 cm, P ϭ 0.09, in the Ca-suppl. and placebo groups, respectively, ANOVA test for repeated measurement). Among the 100 girls who underwent a third examination, 49 belonged to the group of spontaneously low-calcium consumers in whom the effects of the calcium-enriched foods on BMD, BMC, scanned bone area and statural height had been particularly significant. At the levels of the lumbar spine and femoral midshaft, the differences in height and width gain, observed at the end of the intervention period were still statistically significant 1 yr after treatment discontinuation (Table IV) .
Table IV. Changes at the Level of the Lumbar Spine and Midfemoral Shaft at the End of the Intervention (⌬ 2-1) and 1 yr After Discontinuation of the Treatment (⌬ 3-1) in Girls Having a Spontaneously Low Calcium Intake

Discussion
A recently held National Institutes of Health Consensus Development Conference concluded that a calcium intake above the Recommended Dietary Allowance (RDA) of 800 mg/d may lead to an increased rate of bone accumulation in children aged 6-10 yr (35) . This report underlined the necessity to consider the effects of calcium on regional changes in bone mass, and recommended the improvement of strategies to achieve and maintain optimal dietary intake of calcium by both nutritional and supplemental means (35). It is appropriate to discuss the present study in relation to these considerations.
Compliance rate. In the present study, the compliance rate was about 75% after 1 yr. A higher rate could have been anticipated, considering that calcium was supplemented using enriched palatable foods usually taken at either breakfast or as snacks, and known to be well accepted by children. The psychological constraint on the families involved in controlled trials, however, and the fact that they were blinded with respect to the study product, played an important role in this phenomenon.
Changes in BMD gains. Overall, our results indicate that increasing calcium intake from approximately 900 to 1750 mg/d led to a substantial increment, 3.5 to 5.0%/yr (Fig. 2) , in the rate of bone mass accumulation in prepubertal girls. The appendicular sites appeared to be more responsive than the axial skeleton. Indeed, the effect was found to be minimal in the lumbar spine, as assessed by measuring spinal BMD in the classical antero-posterior view. Among the appendicular regions, the most obvious positive effects were observed at sites essentially consisting of cortical bone (e.g., radial and femoral diaphysis). Nevertheless, BMD gain was also positively influenced by calcium supplementation at the trochanter and femoral neck levels as well as at the radial metaphysis. So far, only one placebo-controlled study has compared the effects of calcium supplementation at different sites of the skeleton in 22 twin pairs of prepubertal female and male children (28) . The most prominent effects were also observed in the appendicular skeleton at the level of the midshaft radius, with weaker responses at the levels of lumbar spine (Ͻ 1.0%/yr) and proximal femur. In this region, the calcium effect did not achieve statistical significance, despite a longer (3 yr) duration of the intervention. Similarly, in a study undertaken in prepubertal Chinese girls, calcium supplements were associated with a higher radial BMD gain (30) . Taken together, these results (as well as other studies in experimental animals [36] and human subjects [37, 38] ) suggest that the appendicular skeleton, (particularly regions predominantly composed of compact bone) appear to be more sensitive than the axial skeleton to the effect of calcium supplementation above RDA. Importantly, however, calcium supplementation appears also to have an effect on BMC and bone size at the level of the lumbar spine. Therefore, the use of only areal BMD in the classical DPA/DXA antero-posterior view may well underestimate the effect of calcium supplementation on the axial skeleton during growth.
Spontaneous calcium intake and response to calcium supplements. A thorough meta-analysis of calcium balance data recently indicated that there is a threshold level of calcium intake in humans (39) , as previously demonstrated in animal experiments (40) . In children and adolescents, the level above which a rise in calcium intake is no longer associated with an increase in calcium retention appears to be set between 1200 to 1500 mg/d (39) . Accordingly, our study clearly indicates that the response to calcium supplementation in terms of bone mass gain was markedly dependent on the level of spontaneous calcium intake. Indeed, the benefit was 3.5-fold (2.1 vs. 0.6%/yr) greater in the spontaneously low-(e.g., less than 850 mg/d) versus high-calcium consumers. Our data suggest that a calcium intake below 800-900 mg/d may not be sufficient for optimal bone mass accrual in 7-9 yr-old prepubertal girls. On the other hand, the effect of calcium supplementation appears to be rather mild at that age when the spontaneous consumption is larger than 1100-1200 mg/d. To our knowledge, this is the first evidence from a placebo-controlled study showing that there is a calcium intake threshold below which supplementation can be particularly beneficial to prepubertal children. A review of controlled clinical trials testing the effect of calcium supplementation on BMD in postmenopausal women also indicated a greater benefit in low-calcium consumers (41) . Our results suggest that the use of a simple frequency questionnaire could be useful for identifying children who would particularly benefit from an increased calcium intake.
Mechanisms of the effects of calcium supplements. The positive effects of calcium previously reported in double-blind, placebo-controlled clinical trials carried out in prepubertal children (28, 30) have essentially been ascribed to a reduction in bone remodeling (42) . In favor of this notion was the fact that the level of serum osteocalcin, a biochemical marker of bone remodeling in adults, was significantly reduced in the calciumsupplemented prepubertal group (28) . Such an explanation is compatible with the currently favored mechanism proposed to account for the inhibitory effect of calcium on age-related bone loss (31, 41, (43) (44) (45) (46) .
In the two aforementioned studies, the positive bone mass effect of calcium (given as either citrate malate or carbonate salts) was not associated with any change in either bone area or statural height (28, 30) . Our study was not aimed at elucidating the mechanism of calcium effect on bone mass. Consequently, and to maintain the compliance level as high as possible, the protocol did not include any blood or urine sampling. Nevertheless, careful examination of the changes in scanned bone area and in statural height suggests that calcium supplementation, as provided in our study, could affect bone modeling. Indeed, in the group of spontaneous low-calcium consumers, calcium-enriched foods enhanced the gain of both mean scanned bone area and statural height to the level achieved in the spontaneously high-calcium consumers. Morphometric analysis of the changes observed in the lumbar spine and in femoral diaphysis suggests that calcium could enhance both the longitudinal and the cross-sectional growth of the bones. As reviewed by Nordin (4) , the possibility that milk calcium may positively influence longitudinal growth has been suspected for several decades. In many studies it was difficult to discriminate between the effects of calcium from those of milkcontained proteins or energy. In the present study, both calcium-enriched and placebo food products provided identical amounts of proteins and energy. Thus, the possibility that milk calcium may affect not only the remodeling, but also the modeling of the skeleton, deserves to be further investigated. As previously indicated, the tested foods were enriched with calcium from milk extract. With the daily consumption of two tested foods, the mean difference in the phosphorus intake was 386 mg/d as compared to 870 mg/d mean difference of calcium. Based on previous dietary diary recording in prepubertal girls of that age (47) , one can estimate that the enriched foods increased the intake of phosphorus by 30-35% as compared to a 100% increase for calcium intake. To what extent this increase in the phosphorus intake played a contributing role in the stimulation of bone mass accrual reported in this study remains to be determined.
An important issue is whether the positive effect on bone mass gain will be sustained after discontinuation of calcium supplementation, and thus be ultimately translated into higher peak bone mass. As mentioned above, our data suggest that milk calcium supplementation may increase bone mass not only by inhibiting the process of remodeling, but also by stimulating bone modeling. According to this hypothesis one may expect that the contribution of the modeling effect on bone mass will not completely disappear after discontinuation of the calcium supplementation. Indeed, our data suggest that part of the gain in bone mass and bone size was not lost 1 yr after the end of the calcium supplementation. Further prospective longterm studies will eventually provide a definite answer to the question of whether or not a transient rise in the intake of calcium during growth can permanently increase the amount of bone tissue through a modeling effect in certain parts of the skeleton.
In summary, calcium-enriched food given to prepubertal girls with a spontaneous calcium intake below RDA significantly increased bone mass gain at several sites of the appendicular skeleton, including the proximal femur. Morphometric analysis provided evidence for a calcium effect on bone modeling which was associated with an increase in statural growth.
